In the wireless communications, packet collisions due to the interfering signals are significant issue. Since the wireless local area network (WLAN) may not detect packets collision while transmitting the signals, right/wrong of the reception will be judged by the reply of the acknowledgment (ACK) frame. Therefore, the WLAN of transmission efficiency is very low and approximately 60%. In this paper, a novel access control scheme is proposed for the collision detection which utilizes multiple-input multiple-output (MIMO) technology. The proposed scheme improves transmitting efficiency compared to the conventional scheme. Via a computer simulation, it is confirmed that the proposed scheme achieves the transmitting efficiency of over 90%.
Introduction
In a wireless local area network (WLAN) standardized in IEEE 802.11 [1] , packet collisions occurs with a limited frequency bandwidth, due to the increased amount of data traffic caused by the increased number of users and terminal devices. This is an important issue that deteriorates transmission efficiency in WLAN systems.
High-speed transmission link rate have been achieved by multiple-input multiple-output (MIMO) technology which uses the multiple antennas for both transmit and receive antennas [2] . Therefore, the throughput by the MIMO transmission can be improved within the limited frequency bandwidth. However, there is an issue that the transmission link rate achieved by the MIMO transmission cannot be adequately utilized in the end, because of a deterioration in transmission efficiency due to the overhead of the access control protocol in a medium access control (MAC) layer, even if the physical transmission link rate is increased in the physical (PHY) layer with the MIMO technology [3] . The access control method uses the carrier sense multiple access with collision avoidance (CSMA/CA) in the WLAN systems. However, this method cannot detect collisions before the sending of packets. Hence, the transmission efficiency is therefore approximately 60%, which is extremely poor.
In this letter, a novel access control method utilizes the feature on IEEE 802.11n based MIMO transmission using short preamble signals is proposed, in order to realize the collision detection and achieve high transmission efficiency. Furthermore, the effectiveness of the proposed scheme is confirmed by evaluation of the computer simulations.
Conventional scheme and issues
Conventional WLAN systems involve a large overhead for re-transmission control when packet collisions occur, which makes the transmission efficiency extremely low. The access control methods of a wired LAN and the WLAN are shown in Figure 1 (a) and (b). Figure 1 (a) shows the packet transmission procedure for the wired LAN using the carrier sense multiple access with collision detection (CSMA/CD), whereas Figure 1 (b) shows the packet transmission procedure for a WLAN using CSMA/CA.
In the wired LAN, the voltage will rise inside the Ethernet cable, if between preamble signals collided. The voltage rise is judged to be the collision. The unnecessary overhead time can be shortened, since the instantaneous retransmission control is performed when the collision is detected. Therefore, since the transmission time will be reduced to a minimum, high transmission efficiency is guaranteed. In the access control of the WLAN, on the other hand, the transmitting station (STA) determines whether a packet has been received successfully on the basis of the ACK frame which is returned by the receiving STA. When the ACK is not returned, the situation is determined as a reception error, due to some interference or the collision, then the retransmission control is performed. Furthermore, when retransmission 
Transmission procedure for proposed scheme
The access control procedure of the proposed scheme is shown in Figure 1 (c) . A feature of the proposed scheme is to use short preamble signals on the MIMO transmission for realizing collision detection such as the wired LAN. The proposed scheme utilizes the short preamble signals based on IEEE802.11n standard. Although multiple data streams are transmitted simultaneously by the MIMO antennas when the data packets are transmitted, the short preamble signals are transmitted by only single antenna even in MIMO transmission. The carrier sense in both the Backoff process of random time and the fixed interval of the distributed inter-frame space (DIFS) are performed before transmitted data payload. If the channel remains idle, during such carrier sensing, the procedure transitions to the transmission process. The long preamble signals are transmitted sequentially from each antenna in order to estimate a channel state information before the transmission of data payload. As shown in Figure 1 (c) , the short preamble signals are transmitted from an antenna (ANT#1) while ANT#2 performs carrier sense during the transmission by ANT#1 in order to detect the interference signals from the other STAs.
In order to realize the proposed scheme, further issues in the PHY layer must be solved. Since the short preamble signals themselves are transmitted from ANT#1, the preamble signals are received at ANT#2 in addition to the interference signals by the other STAs. The power of signals from ANT#1 to ANT#2 is much higher than the interference signals by the other STAs, because the distance from ANT#1 to ANT#2 is much shorter than that from the other STAs to ANT#2. Hence, the interference cannot be detected by the desired signals from ANT#1 to ANT#2 in such a scenario. However, only interference signals by the other STAs can be detected by utilizing the short preamble signals in the frequency domain at ANT#2 [5] . Therefore, this paper describes only the evaluation of the access control protocol after ideally detecting interference signals by the other STAs.
Evaluations of throughput characteristics and transmission efficiency
The throughput characteristics and transmission efficiency of the proposed scheme were evaluated by computer simulations (QualNet Ver. 5.0.2) compared with the conventional scheme (IEEE 802.11g standard). As example, the network configuration for the WLAN is shown in Figure 2 . Traffic of the user datagram protocol (UDP) was transmitted from the STAs to a access point (AP). In particular, the network environment, in which collisions of packets frequently occur, was simulated with the STAs continuously sending out packets data. Packets were generated by Poisson distributions, and the packet size was set at 1500 bytes, which is the maximum frame length for the Ethernet. The transmission link rate is set to be 24 Mbit/s, which is the maximum mandatory link rate for IEEE 802.11g standard. The length to short preamble signals and the long preamble signals for the proposed scheme were set to 8 µs respectively. This computer simulation evaluation, however, was achieved for the purpose of analyzing the effects of collision detection as a basic evaluation of the proposed scheme. The MIMO transmission in the proposed scheme were used only for the purpose of collision detection in this letter. Therefore, the proposed scheme was evaluated to be single stream transmission equivalent to the conventional scheme according to the IEEE 802.11g standard. Thus, the transmission with the multiple data streams and frame aggregation which is the continuous transmission of packets were not performed in the evaluation. An evaluation of throughput characteristics was performed using network configurations with 20 and 40 STAs installed. Traffic generated scenario is that the total amount of traffic generated by all STA (20 STAs or 40 STAs) set to from 1 M to 30 Mbit/s, in order to evaluate the total throughput characteristics for all the data received on an AP.
The total throughput characteristics are shown in Figure 3 (a), when 20 STAs and 40 STAs were installed. In the case of 40 STAs in the conventional scheme, the throughput gradually declined when the amount of traffic exceeded 10 Mbit/s, and it was saturated. With the proposed scheme, on the other hand, saturation occurred when the generated traffic reached approximately 18 Mbit/s. Further, when the amount of traffic increased, the throughput was maintained at a high level although it declined slightly. Furthermore, the throughput characteristics were almost no changes when the number of STAs increased from 20 to 40. The results of the conventional scheme is caused since the probability of packet collisions are increased when the amount of traffic is increased. This relatively large impact is the overhead arising by the retransmission control. In the proposed scheme, since the collision can be detected before the data payload are transmitted, the overhead arising by the retransmissions is reduced and a high level of throughput is achieved, even if the amount of traffic is increased. The transmission efficiency comparison between the proposed scheme and conventional scheme is shown in Figure 3 (b) . In this evaluation, the maximum throughput value obtained when a STA communicates with a AP is reference value (100%). As the reference, the transmission efficiency of 100BASE-TX Ethernet is also shown in Figure 3 (b) . The amount of traffic per STA was generated in such a way that the radio band (the transmission link rate: 24 Mbit/s) was saturated by all the connected STAs. In the conventional scheme, the transmission efficiency is decreased when the number of STAs is increased. The transmission efficiency is approximately 64% when the number of STA units is 40. Although the transmission efficiency achieved by the proposed scheme was slightly lower than that of the Ethernet, the transmission efficiency was maintained at a high level of approximately 90% even when the number of STAs is increased to 40.
Conclusion
The novel access control utilizing the MIMO transmission has been proposed. The collision detection of the proposed scheme was verified to yield extremely high effects by the evaluations regarding the throughput characteristics and the transmission efficiency. It was shown that the proposed scheme achieved the transmitting efficiency of approximately 90% while the transmitting efficiency is by 64% the conventional scheme.
